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Measurements of bending moment on a model
tallless glider wing

by

P.R.Owen, B.Sc.
H.V.Becker, B.Sc. (Bng.)
C.H, Bethwaite, B,A.

R\A.E. Ref: Aero.1291/R/140
M.A.P. Ref: Nil.

SUMMARY

Bending moment at the wing root and total lift have been
measured on & model wing for the Genersl Aircraft tailless glider (V
plan form and 28,40 sweep back)s The tests inoluded measurements
of the effects of flap and elevon deflection and of end fins., The
span loading due to inoidence has been deduoed from the results.

The bending moments and span loading have been compared with
estimates based on Sohrenk's approximate method and in some oases with
Falkner's more rigorous method. Sohrenk's method sppears, on the whols,
to be reliable enough for a first estimate of load distribution in the
early steges ol design and to show the effeots of major modifications
on wings of not too large sweep back, For a final estimate Falkner's -
method 1s more accurate. o
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Introduction '

The problem of determining the spanwise lift distribution on a
swept back wing is a fundamental one in the estimation of the character-
istios of tailless aircraft. "The model tests deseribed in this note
provide an overall check on the accuracy of estimated distridbutions.

The total 1ift and the bending moment on one wing about a chordwise
sxis at the root have been measured on a model of a tailless glider,
The results are compared with estimated bending moments due to a change
of incidence and at no lift for the plain wing and with elevons and
flaps deflected in turn (pars.3). .

It is also poasible (pars,4) to calculate the 1ift distribution
due to a change of incidence directly from the 1lift and moment measure~
ments, on the assumption that it is given by a two term Fourier Series,
For the no-1ift distribution, at least with flaps and elevons deflected,
more terms in the series are required and these can be determined only
from bending moment measurements at several sections along the span,

2 Description of t=ats

The teats were made in the R.A.E. No.l 11} x 8% ft. tunnel
(with honsyoomb) during March 1944 on a 1/5.67 scale model of the
General Aircreft glider wing of V plan form and 28,4° sweep becks
Details of the model are given in Table I and Fig.l.

Total wing lift and bending moment about & chordwise axis AA
at 0,065 semimspan from ihe plane of symmetry were measured (Fig.l).

The rig used for tre measurements of bending moments was identical with
that used in similar tests on a non=swept back wing deseribed in Ref, 5.
-—The tests were made with & sealed gap of 0.03 ins. at the bending moment
.. axis and it was veriiicd that this gap did not affect the total wing 1lift

at any given incidence, L. s

s e et .

The following conditions were covered by the tects:=
(a) pla;n wing, elevons sealed®; m = 159, 10°, O°, ~10°, =15°,
——{b)-— wing with'end finhs, elevons sealed; n =,
-.(0). wing with split flap at 60°, elevonz.scaled; m = 15°, O°, =15°,

: (@)  +Plain wing, elevons unsvaled; m = 0°.

All the tcsts were made at a wind speed of 120 ft./seco.,
! corresponding to a Reynolds number of .03 x 106 based on menn‘rlm
chord. The usual tunnul oonstraint correctiona were applied’,

o

The method of semli'ngi the elevons in the tests was to, fair the
elevon gap completely so a's_ to form o continuous,smooth wing oontour,

A theoretical estimate has been made of the tunnel interference
oorreotions to the foroes and moments on-a swept back wing, and it
has been found that they arc little different from the usual
oorreotions. In particular it has been established that the span

. .'!Loadim distribution is sensibly unaffected by the tunnel constraint.
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3 Comparison of measured and estimated bending moments
31 Plain wing, without fins, with Flaps and elevons neutral

. For a wing at modcrate angles of incidence the 1ift distribution
om be split up into two parts, The first depends upon the plan form
snd is proportional to the incidence measured from no 1lift; the
second is dependent upon twist and represents the loading at zero 1irft.

. It is convenient therefore to consider separately the bending moments
due to these two parts and to examine

(1) the rate of change of bending moment with lift due to changing
incidence,

(2)  the bending moment at zero 1ift,

The experimental values are taken from Fig.3 and theestimated
.velues are based on two theoretical methods,

@) Sohrenk's method es modified by Neumark-,

(2)  Falkner's 1ifting plene method.

. The first is a very simple approximate method which neglects
the ohange in 1if't distribution due to sweep back. The second inoludes
this effect and is a more rigorous methodm but it is much more laborious
i'to apply. The results are compared in the following table; Opy is
*-the coefficient oi the bending moment at the root based on total wing
* area and span:- '

Schrenk/
Neumark

8Cgyy /a0y, 0,092 0 089 0 092
O, o ~0, 001 ~04 0034 =0, 0029

Measured Falkner

For dCp/d0, Felkner's method agrees very well with experiment end
the discrepancy with the Schrenk method is only ¥b, attributable to the
effect of sweep back on 1ift distribution.

The order of agreement on cm‘o is not so good, but the values are

all small in comparison with the moments produced by flaps and elevons
(®4g.3)s . The discrepancy may be due to a lack of symmetry in the modsl
or in the tunnel stream. It is seen, for instance, from Fig.3 that

Opy = =0, 003 would oorrespond to a cL of =0,025 on the seme wing. Thus,

from Fig.2a, effeotive incidence changes of ¢0. 3% on the two wings oould
acoount for the difference. The order of agreement between the two
theoretical methods is very good.

32  Effect of tip fins

The effect of end fins is to increase the 1lift near the tip at a
given incidence, Thus both dC;/& and dCpy/dC; are inoreased, as

shown in Figa.2b and 4. In this case only the Sohrenk method is availe-
able for comparison, as no oaloulations by Falknor's method have been done
r-

e I’.; .
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for this wing with end fins, The Schrenk method makes no allowance
for fin effect on cmo and there is no appreciable effeot shown in the

experiments, The measured and estimated increments in dcm/ch are

0,008 and 0,005 respectively giving total velues of 0,100 end O, 0%
(schrenk).

33 Effect of flaps and elevons

Tre Schrenk method is applied in Refs,6,7 to the estimation of
the effeot of flaps and elevons. It is there assumed that elevons or
split flaps in the normal position (trailing edges of flap and wing
coinciding in the closed position) have no effect on lift distribution
due to a change in -incidence, and therefore no effect on dGL/da and

40yp/dC;s  For moderate clevon angles and incidencesthis is confirmed
by Pigs.2a and 3, ard for flaps at 60° with elevons C° by Figs.2b and ke
The main 2ffect of elevons or flaps is to change the lift dis-

tribution at zero 1ift and the incidence for zero lift. In the following
table the measured snd-estimated valuss of °°Blo/A°L are compared,

Acm‘b being tl:¢ increment in bending moment coefiicjent at zero 1lift
and 8¢, the increment in C, at & given incidence.

k Aom;/AdL Elevo;ls -10°

Flaps 60°

The order of agrcement is good, oonuidanng the simple assumptions
made in the Schrenk methods .

& Lift distribution
dol Loading due to a change of incidenoe

The 1lift distribution can be calculated directly from the uﬁ
and bending moment measurcments on the assumption that it is given by
s two term Fourier serics. The circulation I', at any seotion of the
wing is expressed in the form, 5

Lo W _ap)anns, @)

E) éPUzs-S sin A

U = the free stream velocity
L = the total 1iit on the wing
0 = mean chord
@ = incidence measured Irow the no=lift direction of the
ocmplete wing
eisdaﬁnedbyx/s-z=-eose - -
s = seni-span
= distance outboard of plane of symmetry.
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‘. Por a sympetrical wing only 0dd values of n are sdmissible in
oqusfion ().

The bending moment M "about a chordwise axis di;tunt x from
the dlane of symmetry is given by, :

ITHO.a Z(a(ooeib-"oo.a.e)%de | {2)

Ihoro M, is the bending moment at no 1ift and =~ cos ¢ = xl/a.

The following relatione can be deduced from (1) and (2),

ﬁ,&;‘i

%!-;—x {(x--d +!—"2'—24f) - #-i«(ﬂf—" - sing)

A in [ [
-if[.ns.u.x_ 2 - okt e el Y Rl k] e SO

Two relatione are.available for solving (3) and (4) from the
measurements of lift and of bending moment about a single chordwiee axie;
henoce. only 4] and A3 can be determined, A aimilar method has been used

in Ref,5 on non-swept back wings and theoretical estimatea of spanwiee
loads.suggest that the higher hnmom.cs have la.ttle eignificance,

The 1ift dietribution, deduced in this w;y, ie plotted in Fig.5,
where it is compared vwith an elliptical loading and with the dietributione
estimated by 3chrenk's and Falkner's methods, It is eeen that it
sgroes very well with the Falkner ourve and ie quite cloee to the
elliptioal loading curve, The Schrenk curve ahowe appreoinble differencee
particularly at the wing root.

ka2 loading at zerp 1lift

The oirculation distribution at zero 1lift may be expressed in the
same form as (1) above. .

r I—ML—I . o
e e gahsinne. . (5).

The bending moment coefficient at zero lif{t is given by

omo .{;}. [2;-2 (EZ_Q = sin 20 .+.i(sin¢ + g;ﬂ)]h.. (6)
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With a single cut only B} can be determined but this should give the

no=1ift distribution with sufficient accuracy for the plain wing with twist.
Falknor's method gives the following values for By etc. due to 5° twist

on this wing:=
35 = =0, 0598, ]35 a =0, 00215, B7 = 0, 0000,

thus confirming the rclative unimportance of 55 etc, With elevons and
flaps deflected the higher harmcnics cannot be neglected.

For a reliable assessment of Bz from experimental results it is

apparent from para. 3.1 that the lift must be measured on the hd.f-w:uu
to elmina.tc the effect of aaymmetry.

5 Gonclusions

The Jciwen:: method of estimating 1ift distribution tends to
under estimate the bending moment at the wing root, beoause it makes
no allowance for the effect of sweepbacks In the case examined here the
error is only 3% in dCgy/dCr without fins and &5 with large fins at the
wing tips. The discrepancy will increase with angle of sweepback.
Palkner's method gives very good agreement without fins, but no estimated
results are available for comparison with fins.

The bending moment increments duc to flaps and elevons, for
given increments m 1li7t agree fairly well with those estimated by
Schrenk's methodfs/. Mo calculations have been made by Falkner's
method for this wing,

-On ke whole it appears that Schrenk's method is good enough to give
an approxiante estimate in the design stage and to show the effeot of major
modiiications onload distribution, .provided the sweepback angle is mot too
large (< 30°) For a final estimate Falkner's method is more acourate.

In its original form it is too laborious for froquent use, but a simpler
form o:. i ha.a now been d.eveloped.

G R I.ist'of Symbols

A1 Ag...%x eoofi‘:.cic.nts in the I"ouner series for loading due to &
. .ungc oi' incidence (see 4.1 (1)). N

3 32"‘Bn ecoefiieisnts in the.Fburier series for loading at zero
11t (suve 4e2 (5))e

chord at-any section
mean chord . .
wing total 1iit

J1ift ooefficient a0 o

o ..-anremnt in 0j, at, a given incidenoe )
bonding moment’ :
beﬁdin’g moment at zero total 1ift .
bending moment coeffioient M/"EPUZ(ZB)Z:
‘bending moment coefficient at zero total lift




0 semi-span

total wing area

R.A.E. Report No. Aero, 2120
1s

free stream velocity - - .

spanwise distance outboard of plane of aymmetry

. spanwise distance of bending moment axis from plane of
_ syrmetry

x/s .
incidenoe measured from no-lift direction of the whole wing

circulation at any seotion

defined by x/5 a z = - oos b

value of © at bending moment axis, = cos ¢ -xl/a

denai.ty of air.
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Tsble T

Model data and full scale
dimensions

Scale = 1/5.67

%iing gross area s ' 351.5 sq.ft.
Span 2s L5 35 ft,
liean chord ° Te 4 £t,

lane of measurement of bending -moments . . ‘.
(weasured spanwise from centre line of aircraft) : : 1498 ft.

Total fin area Sp 18.8 ‘sq.ft.
Flaps: |
" Type Split |
' ]

, Span : A * 1 10:19 ft,

Chord:  Root it 2.27 ft.

.Tip . . . , . , : 1065 fta




0060°0 692 T
-6/90°0 [TASd
2€80°0 | £90°T
08L0°0 926 0
6£90° L1L°0 G612

0L20°0 | 90T°T LeTe L150% | 8950 €°8T | g%0T°0 “ 2THT | G6°12
22L0°0 | €TO"T | §9°BT | 8280°0 | GGTI°T 12 | €6%0°0 | €6%°0 6g°GT | 6%0T"0 | #EC"T | $6°8T
2/90%0 | T68°0 | §S°ST ! 26L0°0 | 2LO°T L*8T | €00 | 60%°0 Lzt | *€ot*0 | ¢teeT | GLesT
0% | 0L9% . M°2T | Y6100 | 6G6°0 | 9°ST | L6200 | 920 6n'6 | 9860°0 | STT°T | GL°2T
0L20°0 6¢°0 2% ~ 6090°0 29L 0 %72T | 62200 HmNF w°9 19800 | 2¢6°0 | 65°6
2€00°0 0610 §0°9 _ G0*0°0 9¢6°0 G€*6 9100 .10 s | LTl0°0 . 92L°0 ! §%*9
TI9*0- | %00 0°Y | OBTO*0 | G62°0 2°9 | 8L00°0 { 2600 Gez | OT90°0 | 885°0 | SEY
2620°0~1 €TIT0- ! 8°T ! 82000 | TETI*Q 0% | 20000 | 60070 : T°0 _ #0G0°0 | S0 _ qree |
6¢£0°0~ | Tez'o- ! ST*0 | 02T0°0- m €00~ | 6°T | 2600°0=| 060~ 602~ | #6£0°0 | 8OL°O _ ST

15600~ | n%.o._mm.?.Ruo.o.“ﬁﬂ.o.hmm.o. 00| 6%T0- T 0~ mu.f_mmmo.o g0 | S0%2=
Wy | b . » . ™My | B | » ;. MW | B | » o | » | M ;B | »

i 4

oST = L

|
|

oST= = L , o= =8 ! 0 =u

-ENOTY OMIA

PoTeac SUDAGTS U3TA DULA UTE[d J07 SJUSmON PUTPUoO

IT o1qel
0212 *caay *of jxoday °F°vV°d




0£60°0 JATAd S
GETT0 Légo o GST°T
01210 €OTT*0 g%80 *0 L50°T
98TT*0 ST *0 9.0 ‘0 288°0
62110 24600 0090°0 189°0
LOOT X 4L10°0 €9 95T "0 g9%°0
9T60°C 6290 *0 T +920 %0 615 0
8280 °0 | T6%0°0 ¢moso 10
240 °0 | g%0"0 , T°0- 2000°0 ZT0 "
2€90°0 60200 | 2%~ GCTO 0~ LeT 0~

i
) T | B | ‘ T ¥ ) T

(veress) CT = u (poTRes) O = U (peTees) o0 = L (peTessun) o = u

o}

SIVII + ONIL SIIL NI + ONIA ENOTY NI A

SUTJ pUs pUe SUOAITe 'SABT] UITA LUWM JOF SIURIOT JUTpUSE
IIT °Tqel
212 *oxay *ol 3xodoy VY




REPT ARRD 2RO-

FIG. L

J

A

BENDING MOMENTS MEASURED ABQUT A A.

G.A.L. TAILLESS.

20:4° SWEEPBACK.




‘SNIY ONY w;t.H HLIM

LIFT COEFFICIENTS.

S1~SNOATT2
01~ SNOAT3
O sNOAIT2

Dt SNOAITa
SUSNO




N? 18804.3.

BENDING MOMENT COEFFICIENT

= Com.

REPT AERO 2120.

Fi1G.3.

glevons 18°
ELEVONS ag'
-

ELEVONS O

3

ELEVONS 10°

ELEVONS =15

/_/

// er 1

TOTAL LIFT GO!FFICIEN‘J

BENDING MOMENTS FOR WING ALONE
ELEVONS SEALED.,.

FrasLe 2)




NRISEOS.S.

FLAPS 0" ELEVONS 15, SEALED.
FLAPS GO' ELE\!ON: IS, SEALED.

| riAPS 58 ELEVONS, O . SEALED,

e
)

FLAPS 0 ELEVONS 0 SEALED:

FLAPS ¢ ELEVONS O. UNSEALED.

FLAPS O ELEVONS ©
SEALED & END FINS.

4
]
Q
|
13
o
]
"y
™y
w
Q
o
|
z
%

@
&

BENDING

TOTAL LIFY COEFFICIENT—=C_

BENDING MOMENTS FOR WING
WITH FLAPS FINS AND DEFLECTED ELEVONS.
(SHOWING EFFECY OF SEALING ELEVONS). '
franLE 3) i




l
l

FIG.S.

: COMPARISON OF SPANWISE LOAD GRADING ;
. DISTRIBUTIONS DUE TO INCIDENCE. |
oo | o B

REPT. AERO 2120.
Q

‘10 = D ONIMD
[SIANND IHL WIAANN

T ONIGYOT HANMYE
[ "SNIQVYOT ¥NAUHIS
——9NKIVO1 JlLdi3
d INNENG WOY4 G3INA3T  INKAVOY







§

RESTRICTED AT0- 6945

TIMLE: Measurements of Bending Moment on a Model Tailless Glider Wing ———

lone
AUTHOR(S}: Owen, P. R.; Becker, H. V.; Bethwmaite, C. H. 0. ACTeY B
ORIGINATING AGENCY: Royal Aircraft Estabiishment, Farnborough, Hants Aero-2120

PUBLISHED B8Y: (Same) ACTCY O,
{Same)
oo o aay oy LALRZUACT 2053 RLUWFTRADCSS
March '48 I Restr. Gt. Brit. Eng. I i7 Il.abies, graphs
ABSTRACT:

Bending moments at the wing root and totai lift were measured on a wing of 28.4° sweep-

back of a tailless glider model. Comparison is made of Schrenk’s approximate method

and Falkner's method of determining bending moments and span icading, Measurements

show effects of flap and eievon deflection and of wing-tip fins. Span loading because of
id has been deduced from the results,

DISTRIBUTION: Copies of this report obtaimabie from Air Documents Division; Attn: MCIDXD

DIVISION: Aerodynamics (2) SURJECT HEADINGS: Wings - Aerodynamics (99150); Sweep-
SECTION: Wings and Airfoils (8) back (91200); Control surfaces - Aerodynamics (25600);
Giiders - Performance (45795)
ATl SHEET NO.: R-2-8-112
A Divistoa, Intoili P Al TECKRICAL IRDEX Viright-Patioesoa Al Porco Dazo
L Alr Micterid Command RESTRICTED Qoyton, Ohio

4+




I
: RESTRICTED
TITLE: Measurements of Bending Moment on a Model Tailless Glider Wing

AUTHOR(S}: Owen, P. R.; Becker, H. V.; Bethwaite, C. H.

OTI0. AGEMCY NO.
ORIGINATING AGENCY: Royal Aircraft Establishment, Farnborough, Hants Aero-2120

PUBLISHED BY: (Same) PUBLISIONG AGENCY NO.

- {Same) g%
maren s | B2 | e | VB | NP |omes araphs (OQUEZS
ABSTRACT: fa

EO 1080l dd 8 NoV 1963

Bending moments at the wing root and total lift were measured on 2 wing of 28.4° swe
back of a tailless gltder model. Comparison ts made of Schrenk's approximate method
and Falkner's method of determining beoding moments and span loading. Measurements
show effects of flap and elevon deflection and of wing-tip fins. Span loading because of
inctdence has been deduced from the results.

DISTRIBUTION: Coples of this report obtainable from Atr Documents Dtvtston; Attn: MCIDXD
DIVISION: Aerodynamics (2) SUBJECT HEADINGS: Wings - Aerodynamtces (99150); Sweep-
SECTION: wings and Airfoils (6) back (91200); Control surfaces - Aerodynamics (25600);

. Gliders - Performance (45795)

ATl SHEET NO.: R-2-6-112

Alr D Diviston, Intcll Dop AR TECKNICAL (NODEX Wright-Pattorson Alr Forco Boto
Alr Matoricl Command ST~ Dayton, Ohio |

= =




;S;C;E%i} AUTH: DOD DIR 5200.10, 29 Jupe €0




dstl]

TR R

{dstly " .

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

U.S.A.

AD#: ADA800692
Date of Search: 15 Oct 2009

Record Summary: AVIA 6/9945
Title: Measurements of bending moment on model tailless glider wing
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department): 2120
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



